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CONFIDENTIAL 


ABSTRACT 


Thla  report  denli  with  r  study  of  the  eonpound  S«3S0 
Rs  ftti  imprognite  for  perrocRble  protective  clothing.  Most  of 
the  work  reported  is  based  on  an  aqueous  process  of  Inpregnation. 

In  oonparison  with  other  ohlorosmideB  used  as  impreg- 
nites.  the  oompound  S-330  was  found  to  be  quite  stable  on  cloth, 
and  to  cause  soaewhat  less  deterioration  of  cotton  fabric.  Ihe 
exoollent  retention  of  active  chlorine  and  tensile  strength  for 
8-330  impregnated  fabrlos  was  maintained  throughout  a  wide  range 
of  variations  in  impregnating  systems. 

Vesicant  vapor  penetration  tests  showed  that  5-330 
was  effeotlve  against  Lewisite  whereas  other  ohloroamides  gave 
very  little  protection.  When  H  vapor  penetration  tests  are 
made  on  cloth  samples  containing  8-330,  there  is  an  initial 
period  when  H  vapor  penetrates  the  fa.brio.  This  initial  leak¬ 
age  is  particularly  pronounced  after  storage  or  weathering. 

Mejiy  variations  and  procedures  were  investigated  in  an  attempt 
to  eliminate  the  initial  unreaotlvlty  of  S-830.  No  successful 
procedure  was  found. 

The  compound  8-330  is  not^eoommonded  as  an  Imprognite 
for  protective  clothing  since  physiological  tests  have  shown 
that  it  does  not  give  adequa.te  protection. 
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AUTHORIZATION 


1*  This  work  was  authorised  under  Project  647/41,  "Maintenance, 
Bureau  of  Shipe,"  dated  16  Deoember  1940.  The  problems  which 
were  proposed  for  study  v/ore  given  in  Bureau  of  Ships  letter 
S-g77-2  (Dz)  Serial  811  of  17  Deoember  1940. 

STATEtTENT  OF  PROBLEM 

2.  This  study  was  undertaken  to  determine  the  suitability  of 
the  compound  8-330  as  an  impregnite  for  protective  olothing. 

The  present  Navy  dirootive  specifies  the  oompound  S-146.  pre¬ 
liminary  studies  showed  that  8-330  was  superior  to  S-145  In 
certain  important  respects. 

KNOWN  FACTS  BEARING  ON  THE  PROBLEM 

3.  Preliminary  work  on  impregnite  S-330  was  reported  In  a 
Memorandum  to  the  Director  entitled  "The  Evaluation  of  Impregnite 
S-330,"  dated  19  November  1942.  The  memorandum  describes  results 
obtelned  with  S-330  applied  to  cloth  by  the  tetraohloroethane 
solvent  process .  Impregnite  S-330  appeared  to  bo  enough 
superior  to  Impregnite  S-146  to  warrant  exhaustive  investigation. 

4.  Pilot  plant  production  of  S-330  at  NRL  has  shown  that  the 
oompound  oan  bo  produced  In  quantity  at  a  cost  which  oomparos 
favorably  vrlth  that  of  3-145. 

6.  This  Laboratory,  the  MDRC,  and  the  CWfl  have  boon  actively 
engaged  in  developing  a  protective  ointment  containing  8-330. 
Numerous  irritation  tests  of  protective  ointments  have  shown 
that  S-330  is  remarkably  non-irritant  among  ohloroamides. 
Furthermore,  some  indications  have  boon  obtained  in  wearing 
trials  of  protcotive  olothing  that  8-330  is  superior  to  other 
Imprognltes  from  the  standpoint  of  irritation. 

THECRETIOAL  CONSIDERATIONS 

6.  In  order  to  establish  the  superiority  of  one  impregnite  over 
another,  the  four  major  factors  listed  below  should  be  used  for 
comparisons! 

a.  Retention  of  active  chlorine  by  the  impregnite 
under  extreme  conclitlono  of  storage,  exposure, 
and  wear. 

b.  Tendency  to  rot  ootton  fabric  under  extreme 
oonditlone  of  storage. 
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o'.  Roaotlvity  toward  vesicant  vapors. 

d.  Irritancy  under  extreme  conditions  of  wear. 

The  memorandum  mentioned  in  paragraph  4,  showed  S-330  to  be 
superior  to  S-14S  in  categories  (a)  and  (b).  It  also  showed 
that  S-330  is  unique  among  impregnltes  in  that  it  offers  pro¬ 
tection  against  L. 

7.  The  superiority  of  8-330  with  regard  to  cloth  tendering 
and  its  protection  against  L  hasbeen  attributed  to  the  basiol^y 
of  8-330  or  S-330  base.  S-330  base  (unohlorinated  8-330)  con¬ 
tains  two  Imino  groups  which  are  sufficiently  basic  to  react 
with  acids  and  form  salts.  It  is  believed  that  these  imino 
groups  In  S-330  itself  as  well  as  in  S-330  base  can  react  with 
Hfll  and  thus  prevent  cloth  tendering.  Furthermore,  this  ability 
to  react  with  HCl  would  account  for  the  protection  afforded  by 
S-330  against  Lewisite  vapor. 

6.  Another  advantage  possessed  by  5-330  over  S-146  Is  that 
S-330  contains  more  than  twice  as  much  active  chlorine  per  unit 
weight.  This  means  that  the  same  active  chlorine  loading  oan 
bo  obtained  on  a  given  area  of  cloth  with  about  one  half  the 
weight  of  Impregnitet  oonversely.  the  same  loading  v/eight  of 
impregnlte  v/ill  furnish  twice  as  much  active  chlorine. 

PREVIOUS  V/ORK  DOME  AT  THIS  LABORATORY 

9.  NRL  Report  No.  P-2000  deaoribes  in  detail  the  test  methods 
employed  in  the  evaluation  of  protective  olothing.  NRL  Report 
No.  P-2086  describes  the  aqueous  system  of  applying  imprognito 
to  olothing.  A  Memorandum  to  the  Director  entitled  "The 
Evaluation  of  Impregnlte  S-330."  dated  19  November  1942.  desorlbes 
results  obtained  from  protective  olothing  impregnated  with  S-330 
by  the  solvent  proooss.  The  memorandum  also  describes  a  labora¬ 
tory  method  of  preparation  of  S-330. 

EXPERIMENTAL  PART 

A.  Stability  of  S-330 


10.  Accelerated  thermal  and  hydrolytlo  stability  tests  run  on 
S-330  show  it  to  be  suparlor  to  S-146  in  this  respect.  Tables 
I  and  II  give  the  data.  It  will  be  noted  that  those  and  the 
succeeding  tables  oharaoterlBe  the  S-330  with  numbers  suoh  as 
P-2.  P-3,  and  so  on.  During  the  early  part  of  this  work  the 
available  S-330  came  from  NRL’s  pilot  plant  whloh  at  that  time 
was  experimenting  with  the  manufacture  of  S-330  under  various 
conditions.  The  cbaraoterlzatlons  refer  to  different  batch 
numhers. 
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Table  I 

Thermal  Stability 


%  Cl*  Retained 


100  **0 

70®C 

Compound 

2  days 

1  mo*  6  mo*  2  mo* 

6  mo. 

8  mo* 

S-S30 

97  13 

97 

• 

S-S30 

+  10J5  ZnO 

- 

98  0.4 

97 

m 

S«330 

+  265?  ZnO 

- 

98  0.6 

98 

- 

S-330 

+  16^  Daxad 

11 

98  5.7 

98 

* 

S>146 

58 

17  -  78 

66 

S-145 

+  105?  ZnO 

0 

-  -  84 

- 

68 

S-145 

+  26^  ZnO 

0 

-  -  61 

* 

0 

Table  II 

Hydrolytic  Stability 

(0*2  g* 

ohloroamlde,  6 

hrs.  in  100  ml.  boiling  water) 

Ccnpound 

Particle  Size 

Added  Agents  %  Cl*  ret 

• 

S-330  (P-6) 

1-6  miorons 

76 

6-10 

67 

10-20 

77 

20-30 

77 

30-40 

71 

nixture 

73 

Mioronized 

80 

a-146  (TCA) 

1-3 

54 

6-10 

61 

10-16 

71 

20-30 

81 

44-63 

88 

Mixture 

86 

Micronlzed 

40 

S-330  (P-2) 

+  205?  Daxad  11 

92 

+  5"x3'*  cloth 

41 

+  205?  RH-403 

81 

*  205?  Methooel 

91 

+  17^  ZnO 

67 

+  765?  CP  in  36-C* 

81 

*  Standard  emuleion  oonoentrate* 
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B*  Formulation 


31 •  The  hulk  of  the  work  done  on  formulation  was  done  with  the 
$-330  as  it  oanve  from  NHL' a  pilot  plant.  This  material  had  a 
particle  alia  of  5-40  microns.  NRL  Reports  No  P-20S5  and  P-2124 
demonstrated  the  superiority  of  small  particle  size  impregnite 
S-145  in  moat  reepeots.  It  was  reasonable  to  assume  that  these 
advantages  would  extend  to  S-330  if  the  latter  were  of  small 
particle  aize.^  Aooordingly.  a  quantity  of  8-330  was  mioronlzod 
by  the  International  Pulverizing  Corporation  and  this  material 
was  used  in  further  laboratory  and  plant  impregnation  of  cloth. 
Mioronlzed  S-330  ranged  from  1-6  miorons  and  could  be  substituted 
for  unmioronlzed  in  any  formulation.  The  standard  oonoentratod 
chlorinated  paraffin  emulsion  described  in  the  Navy  direotlve  for 
aqueous  plant  impregnation  uelng  S-146  was  used  throughout  la 
these  formulations.  It  will  be  referred  to  hereafter  as  36-C. 
Typical  formulations  which  were  successfully  used  for  Impregnations 
are  as  follows t 

(1)  Laboratory  formulation  with  Colloid  Mill 

2(^  of  unmioronlzed  S-330  (Batch  P-7)  and  lij= 
of  zinc  oxide  were  stirred  into  ZOjIi  of  water 
containing  3/4, Daxad  11.  The  Blurry  was 
recycled  in  an  Epponbaoh  Colloid  Mill  until 
free  from  gritty  matter.  The  microscope 
showed  the  powders  to  bo  well  defloooulated 
with  only  a  few  email  agglomerates.  This 
slurry  and  22.6/,''  of  36-0  wore  each  diluted 
with  ZZfj'  of  water  and  then  mixed.  The  mixture 
waa  then  flooeulated,  but  two  pas see  through 
the  mill  at  olearanoe  zero  gave  eatisfaotory 
defloooulatlon.  This  impregnating  bath  con¬ 
tained  8^  S-330*  Army  HBT  euite,  regulation 
underwear  (long),  and  eooke  were  impregnated 
from  this  bath,  wrung  out  by  hand,  and  tumbler 
dried.  All  had  a  good  appearanoo  and  the 
active  flhlorlno  oontente  were  as  follows: 

Suits  1.1  mg.  underv/oar  O.Oj  aooks  0.8. 

(2)  Laboratory  formulation  with  Gear  Pump 

A  formulation  without  the  use  of  the  colloid 
mill  and  incorporating  dye  was  ae  follows:  2400  g. 
of  water  containing  30  g.  TlX-40,  10  g.  TLX-42 
30  g.  Daxad  11,  600  g.  S-330  (Batoh  P-7),  and 
50  g.  2n0  was  reoyolod  through  a  gear  pump  until 
little  or  no  grit  could  be  felt.  At  this  point 
not  all  the  S-330  was  defloooulated.  Ten  minutes 
additional  recycling  did  not  Improve  the  slurry. 
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AddeA  1126  6»  36-C  and  rooyoled  again  for  10 
minutes*  Diluted  to  8%  S-830  and  impregnated 
several  swatohes  of  Arnzen  oloth*  Although 
not  all  the  S>330  had  been  defloooulated;  the 
swatohes,  wrung  out  by  hand,  were  evenly  dyed 
with  no  heavy  dwosits,  and  the  cloth  oontained 
0.9  mg.  Cl^/WiT  . 

(3)  Portable  Plant  Formulation 


A  plant  run  was  made  with  the  S-330  (mloronlzed) 
ae  follows  I  To  of  36-C  were  added  36, of 
khaki  dye  solution  (10^  dye  -  5  parts  TlJt-^l  to 
one  part  TIX-42)  and  24#  water  containing 
of  Daxad  11.  Using  a  "Lightnln'”  mixer,  40#'4 
of  mioronleed  S-330  was  stirred  in.  After 
stirring  for  16  minutes,  the  S-330  was  wall  de- 
floooulated.  4#  eino  oxide  was  added  and  stirred 
again.  The  zino  oxide  did  not  defloooulate 
readily.  The  bath  was  diluted  to  64  gallons 
(6.3^  8-330)  and  used  to  impregnate  five  batohes 
of  eleven  suits  each  of  Navy  Arnzen  oloth  suits, 
60  paif  of  gloves,  and  100  pair  of  sooks.  The 
standard  procedure  and  oqulpment  of  the  Navy 
portable  impregnating  plant  was  used.  The  suits 
were  not  as  evenly  impregnated  as  in  the  regu¬ 
lation  S-146  process.  This  was  attributed  to 
the  excessive  foam  that  was  encountered  in  the 
impregnation.  The  excessive  foam  may  be  duo  to 
the  relatively  large  amounts  of  Daxad  that  are 
required  to  disperse  the  S-330.  Foam  was  present 
in  all  formulations  tried  to  date.  The  suits 
analyzed  0.63  mg.  with  a  range  of  0.42- 

0.81. 

(4)  Chlorination  on  fabrio. 


There  is  ovidenoe  that  the  distribution  of  ohloro- 
amide  in  the  oloth  has  a  pronounored  effeot  on  its 
behavior  in  respect  to  both  weathering  and  re¬ 
activity  toward  H  vapor.  It  was  possible  to  obtain 
a  thorough  distribution  of  S-330  throughout  the 
body  of  the  oloth  in  the  following  manner.  A  strip 
of  laundered  Arnzen  oloth  rras  immersed  in  a  vrater 
solution  oontainlng  7J?  by  weight  of  S-330  base 
hydrochloride  and  was  wrtng  out  as  dry  as  possible. 
Without  letting  the  oloth  dry  completely,  it  wae 
suspended  in  on  atmosphere  of  chlorine  gas  for  20 
minutes.  The  cloth  vras  then  thoroughly  rinsed  in 
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w&tor  and  allowed  to  dryi  The  oloth  was  satis¬ 
factory  In  appearance  and  was  soft  and  pliable* 
There  was  no  appreoiable  dusting  off  except  on 
violent  beating*  The  active  ohlorine  content 
was  1*0  mg./om*  •  It  was  found  that  this  figure 
could  be  controlled  by  varying  the  concentration 
of  the  original  bath*  The  oloth  oould  then  be 
treated  easily  as  required*  as  with  an  emulsion 
of  ohlorlnated  paraffin,  a  slurry  of  zino  oxide, 
or  dye,  or  whatever  might  be  neoessary  to  achieve 
speoial  properties* 

Formulations  using  this  technique  will  be 
designated  as  COF* 

C*  Evaluation  of  Impregnated  Arnzen  Oloth 

12*  The  behavior  of  8-330  oloth  on  weathering  was  studied  in 
the  same  manner  ae  desorlbed  in  Report  |Io*  P-2055  for  S-146* 

Two  accelerated  testa  were  usedi  Storage  at  7B‘^C  and  75^ 
relative  humidity,  and  storage  at  110**?  and  76^  R*H*  Outdoor 
weathering  was  oarried  out  by  exposure  at  Miami*  Florida,  and 
at  Washington,  D*  G*  The  effect  of  storage  and  outdoor 
exposure  on  aotive  ohlorine  retention  and  retention  of  oloth 
strength  was  determined*  The  resistance  of  the  impregnated 
oloth  to  vesioant  vapors  is  taken  up  in  a  later  seotlon* 

(1)  Comparison  of  Chloroamides 

18*  Table  III  oompares  various  chloroamides  which  have  been 
under  oonslderation  from  time  to  timoi  Arnzen  oloth  samples 
were  impregnated  from  standard  aqueous  dispersion  systems  both 
with  and  without  stabilizer*  The  oloths  were  then  subjected 
to  the  storage  and  exposure  tests*  8-330  was  generally 
superior  to  the  other  ohloroeonides  espeoially  when  stabilized 
with  10^  zino  oxide*  For  all  the  ohloroamldes,  zino  oxide  had 
a  benefioial  effect  on  tensile  strength  retention,  and  it 
Improved  the  aotive  ohlorine  retention  of  S-330  impregnated 
oloth* 

14*  Table  IV  oompares  cloths  out  from  suits  that  were  impregnated 
for  wearing  trials*  8-830  here  v/as  superior  to  the  other  com¬ 
pounds  in  respeot  to  aotive  ohlorine  retention* 

(2)  The  Effeot  of  Binder 

15*  The  ratio  of  binder  to  ohloroamide  was  studied  in  an  effort 
to  determine  whether  there  was  an  optimum  ooneentration  as  far 
as  weathering  and  storage  stabllltlea  were  oonoerned*  The  binder 
used  in  every  case  but  one  was  the  standard  42^  chlorinated 
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Effect  of  Binder  Content  on  Stability  of  S-330  (P~5) 
(Data  given  as  percent  of  original  values) 
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paraffin  j(CP).  In  one  oaae  a  heavy  refined  mineral  oil  was 
used.  The  cloths  were  impregnated  with  aqueous  dispersions 
prepared  from  unmioronlsed  S-330  as  previously  described. 

The  data  are  given  in  Table  V*  No  marked  differenoes  are 
evident  among  samples  oontalning  different  amounts  of  binder. 
A  similar  series  oarried  out  with  mloronised  8-330  showed  the 
same  behavior.  The  data  is  shown  in  Table  VI. 

Table  VI 

The  Effect  of  Binder  C.ontent  on  Mioronized  !!>-330 
(tiata  given  as  per'  oebt  of  original  values; 

Outdoor.  Florida 


Stabilizer 

December . 

1943 

_  liSi 

76®C-7frj5  RH 

96  hrs. 

110*F-76J?  RH 
60  da  120  da 

120  da 

%  ZnO 

1  wk 

2  wk  3  vie 

3  wk 

cr 

T.8. 

01^ 

f  .8. 

0 

86 

72 

68 

100 

89 

93 

79 

67 

94 

0 

82 

67 

69 

IQQ 

91 

93 

79 

67 

86 

0 

87 

67 

70 

96 

88 

85 

76 

63 

89 

0 

85 

67 

65 

91 

86 

92 

81 

66 

87 

10 

88 

65 

71 

100 

92 

99 

78 

88 

100 

10 

84 

66 

71 

loo 

90 

97 

76 

87 

100 

10 

84 

73 

76 

100 

93 

96 

69 

91 

100 

10 

85 

71 

72 

100 

94 

96 

87 

8R 

100 

(3)  The  Effeot  of  Daxad  11 

16*  It  has  been  suggested  that  Daxad  11  has  a  stabilizing  effeot 
on  6-461  formulations.  A  series  of  sloths  was  prepared  to 
determine  whether  the  same  effeot  was  present  vrlth  S-330 
formulations.  The  oloths  contained  75^  CP  binder,  no  zino 
oxide  except  as  noted,  and  various  pereentages  of  Daxad  11 
based  on  the  S-330  eontent.  Table  VII  givee  the  results  of 
exposure  and  storage  tests.  No  evidence  appeal's  here  to 
Justify  the  use  of  Daxad  11  as  a  stabilizer  for  S-330. 

(4)  The  Effeot  of  Htxtng  Chloreamidee 

17*  A  difficulty  enoountered  in  using  S-330  as  an  Impregnite 
was  the  loss  of  effieienoy  of  the  oempound  after  weathering. 

It  was  proposed  to  Initiate  tho  reaction  between  weathered 
S-330  and  H  vapor  by  the  presence  of  another,  more  highly 
reactive  ohloroamide*  A  series  of  oloths  was  prepared  con¬ 
taining  mixtures  of  S'-330  with  S-461  and  S-145.  The  oloths 
were  Impregnated  from  standard  aqueous  systems  with  75^  CP 
binder  and  lOJ?  slno  oxide  based  on  the  ohloroamide  oontont. 
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Ihe  Effect  of  Paacad  11  as  a  Stabiliter  for  S-330  (P-2) 
(Data  giTOn  as  per  cent  of  original  values) 

Outdoor.  Florida,  (l&iy,  I9h3) _ 
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The  Impregnated  ol-otha  were  subjected  to  the  usual  tests  to 
determine  the  behavior  of  such  mixtures .  Table  VIII  gives  the 
data*  The  reactivity  against  H  vapor  after  storage  and  exposure 
is  reported  in  a  later  section* 

IB*  The  presence  of  S-14B  up  to  30^  seemed  not  to  affect 
the  stability  oharaoteristios  of  S-330,  nor  did  S-461  up  to 
lB%f,  The  micronlsed  S-330  showed  little  adverse  effect  duo 
to  the  addition  of  of  other  ohloroamides. 

(6)  The  Effect  of  Chloroamide  Cenoentration 

19i  A  test  was  made  to  determine  what  effect  the  original 
loading  of  chloroamide  on  the  cloth  v/ould  have  on  stability. 
Cloth  samples  were  impregnated  fron  a  standard  aqueous  system 
oontainlng  75^  CP  binder  and  10^  tine  oxide,  based  on  the  S-330 
content.  Table  IX  shows  the  effect  of  loading  on  stability  in 
the  accelerated  storage  test* 

Table  EC 

The  Effect  of  Loading  on  Stability  of 
S-330  (P-7)  Cloths 


96  hours  at  76®C-75^  R»H* 

Loading 

Loading 

Mg.  Cl‘^M.2 

%  Cl*  ret*  Mg*  Cl*/cm.^ 

t  Cl*  ret 

0*96 

100  0*64 

94 

0*96 

97  0.66 

93 

0*66 

98  0.54 

91 

0.82 

93  0.45 

89 

0*76 

101  0.44 

9B 

0.76 

102  OpSB 

90 

0.66 

95  0.34 

94 

Table  X  gives  the  data  on  a  similar  loading  series  prepared 
with  mioronised  S-330*  Consideration  of  the  data  in  Tables  EC 
and  X  leads  to  the  oonolusion  that  no  slgnif leant  effect  ean 
be  attributed  to  S-330  loading* 
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Table  X 


MS» 


The  Effeat  of  Loading  on  Stability  of  Mloronlzed 
S-330  Cloths 

j(Data' given~ae' percent  of  brlglnal  Values) 
Outdoor 

7B°C-7B?5  R,H 


110®P  -  76^  R.H. 


Cl*/om*^ 

96 

hrs. 

cr 

T.S* 

1  wk 

Z  wk 

3  \/k 

8  wk 

cP 

T  • 

60  da 

120  da 

120  da 

0*5 

B6 

69 

68 

100 

87 

96 

91 

86 

100 

0*7 

85 

71 

73 

100 

94 

96 

87 

88 

100 

1*C 

87 

66 

80 

100 

93 

98 

78 

38 

100 

(6)  The  Bffeot  of  Stabiltsers 


20*  Several  of  the  tables  above  include  stabilized  formulations 
for  direct  comparison  with  the  uRstabllized>  In  addition  a 
aeries  of  eloth  samples  was  impregnated  from  a  standard  aqueous 
system  oentalnlng  76JJ  CP  binder  in  v/hioh  only  the  amount  of 
atablUaer  was  varied •  The  data  is  given  in  Table  XI*  There 
are  no  significant  differenoes  among  different  amounts  of  zinc 
oxide*  The  unstabilized  and  CaCOj  stabilized  cloths  show  a 
poorer  ehlorine  retention  than  the  zinc  oxide  cloths  In  the 
110^  tropical  storage.  The  first  10^  does  make  an  Important 
differenoe  both  in  active  ohlorins  retention  and  tensile 
strength  retention.  Table  XII  gives  the  data  for  a  similar 
ssriss  for  mieronlzed  S«330*  Eere  the  results  are  not  as  olsar* 
out,  due  possibly  to  the  superior  inherent  stability  of  the 
mleronised  material.  However,  in  this  oase  also,  the  presence 
ef  10^  or  more  of  ZaO  improves  the  chlorine  retention*  10^ 

OaCOg  stabilizes  S-330  only  a  little  less  well  than  10^  ZnO  in 
the  outdoor  and  tropical  storage  tests* 
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The  Effect  of  Stablliterg  on  S-330  Inpreenated  Cloths 
(Oata  given  as  par  cent  of  original  values) 

_ Outdoor,  Washington,  (August,  I9U3) _  75®C-75  E.H.  110®P-75  H.H 

01*  Ret. _  T«S.  Ret.  96  hrs.  30  days 

S-330  CP  .  Stab.  1  2  ^dc  3  ^  1;  wk  1  idt  2  -nk  3  '•dc  U  Cl  T.S,  Cl  T.S 
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•Tftbl®  XII 

The  Effeofc  at  Stabillwjr  oft  the  Weathering  of  Mioronleed 
S^SSO  Clothe 

(Data  given  ae  per  cent  of  original  value  retained) 


Outdoorj  Florida  (Deo»*  1943  )  96  hr.  at  llO^F-'/SJ?  Rif 

dl*  ret:  “  To'gVVeiT  '  TBOq.TS^  SH  01*  T.5. 


Stabiliser 

1  wk 

2  wk 

3  wk 

1  wk 

2  wk 

3  wk 

Cl* 

T»S« 

2  mo# 

4  mo# 

4  mo 

0^  ZttO 

86 

67 

66 

100 

100 

91 

86 

92 

la 

66 

87 

IC^  " 

86 

71 

72 

100 

100 

100 

94 

96 

87 

89 

100 

17J5  " 

69 

80 

68 

100 

100 

100 

98 

98 

92 

87 

100 

265?  " 

87 

86 

68 

100 

100 

100 

97 

97 

94 

93 

100 

CaOOg 

86 

81 

67 

100 

98 

100 

93 

96 

91 

74 

96 

(7) 

The  Effoot  of  Dyes 

21*  There  ie  evidence  that  ultraviolet  radiation  aooelernteti 
the  rate  of  deoompoaition  of  ohloroamides .  However,  the  pigaiente 
used  in  the  standard  impregnation  formulation  apparently  slow 
dcfwn  the  doaompoaltlon  of  S-S30  on  outdoor  weathering.  This  i| 
shown  in  Table  XllI  where,  both  with  and  without  stabiliser,  the 
proaenoe  of  dye  improved  the  chlorine  retention.  The  effect  is 
not  apparent  in  the  aooelerated  testa  whore  there  is  no  sunlight#! 
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The  effect  of  Dyes  on  the  Stability  of  S-330  Cloths 
I  Data  is  given  as  per  cent  of  original  valuej 
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(8)  Behavior  of  COT  Clothe  on  WaRthering. 

22.  A  Berios  of  olotha  prepared  hy  the  chlorination  on  fnhrio 
teohaique  waa  weathered  in  the  usual  manner  to  determine  the 
behavior  of  this  type  of  cloth*  Table  XIV  gives  the  data* 

From  outdoor  wontherlng  it  appears  that  COF  cloths  deteriorate 
a  little  more  rapidly  than  olotha  prepared  with  mioronised  S>380, 
but  a  little  less  rapidly  than  S>145  olotha* 

(9)  Behavior  of  Mioronited  S-830  Cloths  on  Laundering. 

23*  Table  XV  gives  data  on  the  laundering  of  S>330  oloths*  The 
data  leads  to  the  following  oonolusions* 

(a)  The  presoneo  of  binder  increases  the  laundering 
roslstanoe  of  S<^30  oloths  oonsiderably*  How¬ 
ever*  the  quantity  of  binder  from  26??  to  76^ 
appears  to  make  no  difference  > 

(b)  S-330  is  superior  to  S-481  in  respect  to 
laundering  roslstanoe  under  the  same  oonditions* 
and  is  equal  to  S-145 

(o)  The  loading  makes  no  difference  on  laundering 
in  the  range  of  0»6-l*0  mg.  Cl*/*®* 

(d)  The  presence  or  absence  of  ZnO  does  not 

affeot  the  laundering  resistanoo  to  any  marked 
degree • 

(a)  The  presence  of  10^  S>461  or  10%  3-146  does 
not  affeot  the  laundering  resistance  of  8-330* 

(f)  The  laundering  resistance  of  COF  formulatione 
is  comparable  to  mioronised  S-330  formulations* 


-  19  - 
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The  Laundering  Realstanoe  of  Mioronlaod 
S-330  In  Various  Formulations 

do®c 

^  Cl*  retained  0.6JS  Ivory 


Stabiliser  90”?.  0.06<  Maoeonol  MR  Soap 


Cempeund 

CP  f. 

ZnO 

Other 

1  wash 

2  wash  3  wash  4  wash 

5  wash 

S>330 

0 

0 

57 

46 

43 

38 

16 

26 

0 

93 

88 

86 

84 

67 

50 

0 

B9 

83 

86 

86 

60 

76 

0 

85 

83 

86 

81 

48 

S-330 

0 

10 

56 

44 

34 

32 

15 

26 

10 

78 

68 

68 

70 

39 

60 

10 

86 

87 

87 

85 

64 

76 

10 

84 

78 

76 

77 

46 

Lovr  Loading 

S-330 

75 

10 

90 

80 

76 

73 

36 

High  Loading 

S-3S0 

76 

10 

86 

78 

76 

76 

34 

S-3S0 

76 

17 

92 

89 

82 

82 

61 

76 

25 

94 

92 

85 

88 

62 

76 

10  CaCOg 

94 

91 

88 

68 

61 

75 

10 

10  5-461 

85 

78 

76 

79 

62 

76 

10 

10  S-146 

89 

67 

86 

86 

60 

226 

76 

58  Daxad 

96 

96 

92 

93 

69 

226 

60 

14  Daxad 

94 

89 

83 

92 

40 

COP 

(S-3S0) 

0 

0 

88 

72 

50 

46 

m 

26 

0  ' 

94 

78 

68 

53 

• 

76 

0 

96 

93 

86 

89 

• 

76 

10 

96 

92 

79 

77 

S-461 

226 

76 

60  Daxad 

56 

46 

37 

26 

0 

226 

60 

16  Daxad 

+  ItaAOg 

40 

24 

8 

4 

0 

S-145 

76 

10 

80 

72 

74 

76 

43 
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D«  VeaioRnt  Peaetrfttion  Teats 

(1)  Oempariaon  of  Chloroamldes 

24*  Roaulta  of  Toaloant  vapor  testa  of  oloth  topregnated  with  S*330 
Djr  the  tetraohloroethana  solvent  process  are  described  in 
Memorandum  to  the  Director,  "The  Evaluation  of  Impregnite  S-330," 
dated  19  November  1942,  The  data  obtained  in  these  tests  are 
reproduced  in  Tables  XVI  and  XVII* 

Table  XVI 

Vesicant  Vapor  Penetration  Tests  on  Unweathered  Samples 


Impre  gnite 

Agent 

Protective 
0.1  mg,  ClV®™*^ 

Time  (Min.)  by 

0.1  mg.  S-Cmpd./om.^ 

%  Ql*  Remaining 
After  Test 

a-146  (DEU) 

H 

40.7 

5.9 

2.3 

S-146  (TCA) 

H 

33.8 

4.9 

g.e 

S-328 

H 

22.5 

7.4 

50.1 

S-330 

H 

50.6 

17  .0 

0.6 

8-461 

H 

54.0 

24.8 

12.6 

8-146  (DPU) 

L 

<3.0 

<0.4 

1.8 

S-328 

L 

<2.6 

<0.8 

. 

S-330 

L 

11.4 

3.8 

13.6 

8-146  (DPU) 
265?  ZnO 

+  L 

6.2 

0.9 

17  .6 

Table  XVII 

Vapor  Penetration  Testa  on  Sample  a  after  Exposure 
to  76”C  and  76J?  R.H*  for  96  hrs* 


Impregnite 

Agent  0.1 

Protective  Time  (Min.)  by 
mg.  0.1  mg.  S-Cmpd./om.* 

1 

%  Cl^  Remaining 

After  Test 

S-146  (DFU) 

H 

38.6 

5.6 

2.3 

S-145  (TCA) 

H 

30.4 

4.4 

8.1 

S-328 

H 

3.6 

1.1 

78.1 

S-330 

H 

62.7 

17.4 

0.0 

S-461 

H 

53.2 

24.5 

9.0 

It  was  oonoluded  from  the  results  of  these  testa  that,  per  unit 
weight  of  active  chlorine,  S-330  has  about  the  same  protective 
oapaoity  toweurd  H  vapor  as  S-461  and  greater  capacity  than  3-145 
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and  S-328.  It  was  also  shown  that  S-330  gives  some  protection 
against  L  vapor f  whereas  other  ohloroamldes  do  not. 

25.  Sinoe  the  above  data  were  reported i  It  has  become  evident 
as  the  result  of  gas  chamber  tests  with  human  subjects  that  the 
magnitude  of  vesicant  vapor  leakage  through  the  impregnated 
clothing  is  of  greater  phyelologloal  slgnifioanoe  than  the  over¬ 
all  protective  capacity.  In  this  respect  S-330  is  markedly 
inferior  to  S-146  and  S-461,  espooially  after  weathering  or 
storage* 

26.  In  ohemioal  penetration  tests  used  in  this  investigation^ 
the  rate  of  leakage  of  vesicant  vapor  is  determined  by  the  time 
required  for  an  indioator  bubbler  to  be  discharged .  Sinoe  eaoh 
bubbler  detects  a  given  amount  of  vesicant  taper  (0.2  mg.  of  H)« 
short  bubblor  times  indicate  a  high  leakage  whereas  long  bubbler 
times  indicate  a  low  rate  of  leakage.  In  particular,  a  high 
initial  leakage  of  vosioant  vapor  is  indicated  when  the  first 
one  or  two  bubblers  are  discharged  in  a  short  time  oompared  to 
suooeedlng  bubblers.  This  is  illustrated  in  Table  XVIII  which 
shows  the  dlsohargo  times  for  five  suooesslvo  bubblers 

Table  XVIII 


Initial  Vapor  Leakage  in  Penetration  Tests 


Impregnite 

Vfeathorlng 

or 

Storage 

Mg.  ClVon'*® 

Bubbler  Times  (Minutes) 
12  3  4 

6 

S-145 

Hone 

0.358 

67,4 

39.7 

32.0 

18.2 

10.0 

S-328 

H 

0.664 

76.0 

69.1 

36  •» 

22.3 

17.4 

S-330 

n 

0.474 

20.7 

96.3 

74.6 

37.2 

20.6 

S-461 

It 

0.606 

113.0 

68.4 

.43.2 

21.7 

16.1 

S.145 

76«C-76?S  R,H. 

0.326 

62.6 

60.4 

17  .4 

8.9 

7.7 

3-328 

H 

0.364 

12.1 

10.1 

8.4 

8.7 

8.6 

S-330 

It 

0.467 

24.1 

33.3 

88.9 

182.6 

21.3 

S-461 

ft 

0.412 

55.6 

92.6 

46.1 

27.2 

19.5 

27. 

The  high  initial 

leakage  of  tho 

S-330  Imprognatod  cloth  no 

oompared  to  8-146  and  S-461  is  shown  by  the  low  first  bubbler 


times.  Tho  above  data  also  show  the  lack  of  oapaoity  and  extremely 
high  leakage  oharaetoristlo  of  S-328  impregnations  after  weathering. 
These  effects  are  more  clearly  demonstrated  by  a  graphical  presen¬ 
tation  of  the  data  in  Plates  1  and  2*  The  curves  in  these  plates 
shew  the  oonoontratlon  of  H  in  the  effluent  air  stream  during  the 
oourse  of  the  penetration  test. 
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28a  It  hRs  been  found  thnt  aqueous  Impregnations  of  S-330  show 
the  seme  oharaoteristios  as  solvent  impregnations  with  regard 
to  leakage  and  oapaoityt  A  oomparison  with  8-145  impregnated 
by  the  aqueous  prooeas  is  given  in  Table  XIX»  In  this  table  the 
oapaoity  is  expressed  in  terms  of  protective  time  (mln«)  afforded 
by  0»1  mg.  01*/™*^  *^bd  the  initial  reactivity  or  leakage  is 
shown  by  the  time  required  for  the  first  0.2  mg.  H  vapor  to 
penetrate  the  cloth  (Ist  Bubbler  Time). 

Table  XIX 

H  Vapor  Penetration  Teats  on  Samples  Impregnated 
from  Aqueous  Suspensions 

Capaolty  Initial  Reactivity 

Impregnite  Weathering  or  Storage  Min»/0.1  mg»  Clyom.*^  Ist  Bubbler  Time  (Mia.) 


S-146 

Kone 

76»6 

133 

3-330 

None 

69.7 

22 

3-U6 

7B«0  -  7Bf.  R.H,  (06hra.) 

60.5 

112 

S-330 

« 

60.7 

22 

S-145 

Tropical  (1  mo.) 

71,2 

140 

S-330 

H 

63.6 

116 

3-146 

Outdoor,  Florida  (3  wks) 

39.9 

100 

S-330 

fl 

67.6 

19 

29.  The  data  in  the  above  table  show  that  In  protective  oapaoity 
S-330  oomparea  very  favorably  with  S-146  when  Impregnated  fron  an 
aqueous  suspensionf  but  that  the  initial  reactivity  is  much  less. 

It  will  be  shown  later  that  this  initial  leakage  of  H  vapor  is 
highly  signifioant  physlologloally  and  represents  a  most  important 
orlterion  in  the  evaluation  of  8-330  for  use  in  protective  olothlng. 

(2)  The  Effect  of  Binder  Conoentration. 

304  To  determine  if  the  oonoentratlon  of  chlorinated  paraffin 
binder  present  on  oloth  impregnated  with  s-330  had  any  significant 
effect  on  the  H  vapor  penetration  properties  of  the  oloth,  samples 
with  varying  binder  ocncentratlons  were  Bub;)ootod  to  standard 
penetration  tests.  The  results  obtained  in  those  toste  are  given 
in  Table  XX. 
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Table  XX 


Effeot  Of  Binder  Concentrations  on  H  Vapor  Penetration 
Samples  Impregnated  from  Aqueous  Suspensions 


Initial  Reaotlvlty 


Binder 
%  CP* 

Weathering  or  Storage 

Capacity 

Mln./o,l  mg.  Cl+/om.^ 

1st  Bubbler 
(min.) 

0 

None 

51.6 

10 

25 

11 

12.1 

13 

50 

It 

87.9 

22 

76 

It 

24.2 

16 

0 

75®0-76j5  R.H.  (96  hr.) 

36.4 

7 

25 

It 

63.6 

11 

60 

M 

57.5 

14 

76 

tl 

3.0 

14 

0 

Tropical  (1  mo«) 

69.7 

8 

25 

(t 

45.5 

10 

60 

11 

89.3 

16 

76 

11 

63.0 

17 

0 

Outdoor  (3  wk5*) 

60.6 

11 

25 

at  -NRL 

45.5 

14 

50 

If 

67.6 

15 

75 

11 

25.8 

19 

*  ^  CP  is  expressed  on  the  basis  of  the 
S-330  content. 

31.  The  above  data  show  that  the  oonoontration  of  chlorinated 
paraffin  has  no  effect  upon  either  the  leakage  or  capacity  of 
the  impregnated  fabrics.  In  all  oases  the  initial  leakage  was 
high  and  the  oapaoltles  were  extremely  variable. 

(3)  The  Effect  of  Daxad  11 » 

32.  Although  the  presence  of  Daxad  showed  no  stabilising  effeot 
on  5-330  Impregnations,  thb  series  of  samples  containing  various 
oonoentratlons  of  this  agent  was  tested  for  H  vapoJ*  penetration 
to  determine  if  any  Improvement  In  proteotlon  was  Imparted. 

Table  XXI  shows  tho  results  of  those  tests. 
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Table  XXI  "  '  ‘  • 

Effeot  of  Daxad  11  Conoentratioa  on  H  Vapor  Penetration 
Samples  Impregnated  from  Aqueous  Suspension 


Cone,  of 
Daxad  11 
{%  of  S-330) 

Weathering  or  Storage 

Capacity 

Mln./O.l  mg.  ClVom.® 

Initial  Reaotlvity 
1st  Bubbler  Time 
(Min.) 

0 

None 

76.8 

41 

6 

n 

63.6 

44 

10 

ft 

69.7 

35 

16 

ft 

9.1 

35 

20 

ti 

81.6 

53 

0 

76®C-75JJ  R.Ht  (96  hre 

.)  94.0 

21 

5 

tf 

133.0 

28 

10 

II 

124.1 

28 

15 

It 

64.6 

34 

20 

It 

166.6 

30 

0 

Troplaal  (1  mo») 

64.6 

20 

6 

It 

45.6 

21 

10 

If 

69.7 

27 

16 

ft 

98.6 

15 

20 

It 

30.6 

13 

0 

Outdoor  (3  wka«)  In 

Florida 

60.6 

23 

5 

ti 

42.5 

16 

10 

It 

39.4 

17 

16 

If 

66.6 

10 

20 

tt 

36.3 

18 

33 •  It  may  bo  seen  from  the  data  In  the  foregoing  table  that 
the  presenoe  of  Daxad  11  has  no  effect  upon  the  penetration  ■ 
oharaotorletlos  of  S-330  impregnations* 

(4)  The  Effeot  of  Mixing  chloroamldes 

34*  Since  the  high  initial  leakage  of  S-330  impregnated  olothlng 
represents  the  most  sorlous  disadvantage  of  this  type  of  olothlng, 
an  attempt  vfaS  made  to  reduce  this  leakage  by  oomblnlng  S-330  with 
other,  more  roaotive  ohloroamides*  A  series  ef  samples  was  im¬ 
pregnated  v/ith  mixtures  of  S-330  with  S-146  and  with  S-461,  and  H 
vapor  penetration  tests  were  made.  The  data  are  given  in  Table 
XXII. 
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Table  XXII 


Effeo'^  of  Mixing  ChloroBmides  with  S-330  on  H  Vapor  Penetration 
Samples  Impregnated  frcm  Aqueous  Suspensions 


S -Compound  %  of  Added 
Added  S-Cenpound 


Weathering 

or 

Storage 


Capacity  ^ 
Min«/0.1  mg.  Cl*/om.‘ 


Initial  Raaotivlty 
Ist  Bubbler  Time 


8-145 

10 

None 

63.2 

73 

20 

101.0 

94 

30 

n 

89.7 

118 

S-461 

6 

11 

66.3 

61 

10 

11 

91.2 

82 

16 

It 

66.8 

60 

33 

« 

127.0 

213 

60 

11 

63.0 

76 

67 

n 

64. B 

263 

8-146  10  76®C-76?J  RK 


(96  hrs*)  66.7 

20  «  99.0 

30  «  84. S 

8-461  6  «  79.3 

10  •'  64,6 

16  "  94.0 

33  "  30.9 

60  «  37.3 

67  "  — 


22 

26 

2B 

21 

16 

26 

29 

28 


S-146  10  Trepleal  (1 

me.) 

20  " 

30  " 

S-461  6  " 

10  " 

16  » 

33  " 

60  " 

67  " 


19 
24 

20 
22 
17 
21 


S-146  10  Outdoor  (3  wks.) 


55.1 

26 

20 

ti 

63.1 

30 

30 

It 

66.9 

27 

6 

It 

32.6 

27 

10 

It 

52.8 

24 

16 

If 

74.6 

23 

33 

If 

68.1 

17 

60 

It 

MW 

67 

ft; 

mm 

mm 
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35.  Itixlng  more  reactive  ohloronmldeB  with  S-330  resulted  in 
R  merked  deoreaBe  in  initial  leakRgo  of  freshly  impregnated 
samplee*  However,  after  weathering  or  storage  as  indioated, 
the  leakage  was  as  great  as  in  the  ease  of  cloth  impregnated 
with  S-330  alone.  The  ratio  of  oonoentrations  of  the  ohloro- 
amidea  did  not  appear  to  be  of  any  aignifioanoe. 

(6)  The  Effect  of  impregnite  concentration 

36,  To  determine  if  an  extreme  variation  in  impregnite  oonoantrati 
had  any  effect  upon  initial  leakage  of  vesicant  vapnr  through 
S-330  impregnated  fabrics,  a  aeries  of  eamplos  with  a  fange  of 
S-330  contents  was  aubjeoted  to  H  vapor  penetration  teats*  both 
before  and  after  accelerated  storage.  The  data  given  in  Table 
XXIII  were  obtained. 


Table  mil 

Effect  of  Impregnite  Concentration  on  H  Vapor  Penetration 
S-330  Impregnated  from  Aqueous  Suspensions 


Cono,  of  Cl* 

(mg,/om.2)  Initial  Reactivity  (1st  Bubblor-Mln,) 


Orlg, 

After  96  hr, 
at  76®C-76^  R.H 

,  Original  Alter  96  hra. 

at  76®C-7655  R.H. 

0,52 

0,46 

25 

23 

0,60 

0.62 

28 

21 

0,98 

0.91 

23 

23 

37. 

It  was  oonoluded 

from  the  above  data  that 

the  impregnite 

oonoontration  has  no  effect  upon  the  magnitude  of  the  Initial 
leakage  of  H  vapor  through  S-330  impregnated  olothing# 

(6)  The  Effect  of  Stabilisers 

38,  It  has  been  shown  previously  (NRh  Report  No,  P-2066)  that  ' 
the  protootivo  oapaolty  of  5-146  le  lowered  slightly  in  the 
presence  of  ZnO  as  stabilizer,  the  decrease  being  less  pro- 
nounoed  in  the  case  of  vmter  dispersion  impregnations  than  in 
the  case  of  solvent  impregnations.  No  difference  was  observed 
between  10%  and  2655  ZnO  for  either  solvent  or  water  Impregnations. 

39,  The  effect  of  ZnU  and  CaCOg  on  S-330  impregnations  was 
evaluated  by  H  vapor  penetration  tests  on  a  series  of  cloth 
samples  impregnated  with  S-330  by  the  water  dispersion  process 
and  containing  varied  oonoentrations  of  ZnO  or  Cn003,  The 
results  of  these  tests  are  presented  in  Table  XXIV, 
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Table  mV 

Effect  of  Stabilliers  on  H  vapor  Penetration 
Samples  Impregnated  from  Aqueous  Suspensions 

Cono.  of  V^eathoring  Initial  Reactivity 

Stabiliser  or  Capaolty  let  Bubbler  Time 

Stabiliser  of  8-330)  Storage  Min»/o»l  mg«Gl*/omt°  (Min.) 


None 

mm 

None 

63.3 

62 

ZnO 

10 

11 

40.9 

30 

II 

16 

w 

37.9 

23 

II 

20 

tt 

60.6 

31 

II 

26 

It 

67.6 

25 

CaCO. 

10 

It 

48.6 

29 

II 

26 

11 

66.7 

23 

Nono 

•i«i 

760C-76^  RH 

(96  hr.) 

87.9 

23 

ZnO 

10 

ti 

63.6 

26 

It 

16 

tf 

91.0 

22 

II 

20 

tt 

44*0 

22 

II 

25 

It 

100.0 

27 

CaCO, 

II  ^ 

10 

« 

76.8 

21 

25 

H 

B1.8 

18 

None 

mm 

Tropioftl 

(1  mOft) 

22 

Zb.0 

10 

It 

■ee 

16 

II 

16 

n 

mm 

20 

11 

20 

It 

mm 

21 

11 

25 

ti 

23 

CaC03 

10 

« 

mm 

15 

tt 

26 

It 

mm 

16 

None 

« 

Outdoor  (3 

wks.) 

3.0 

19 

ZnO 

10 

at  NRL 

3.0 

18 

It 

16 

II 

m  m 

*SW 

11 

20 

II 

3.0 

18 

11 

25 

tl 

3.0 

10 

CftCOg 

10 

11 

27.3 

17 

ti 

25 

tt 

6,1 

17 

40.  The  above  data  Indioato  that  no  significant  change  in  either 
initial  rep.otivlty  or  capacity  is  produced  by  tho  prosonoc  of  ZnO 
or  CaCOs*  It  is  interesting  to  note  that  in  this  particular 
series  both  offioioncy  a.nd  oapaoity  of  all  samples  wore  greatly 
lovrared  by  outdoor  weathering. 
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(7)  Tho  Effect  of  Dyes 


41*  No  evldenoe  has  over  been  obtained  that  any  of  the  dyes 
used  in  S-146  impregnated  protective  clothing  have  had  any 
effect  upon  the  vesicant  resistance  properties  of  the  clothing. 
That  this  is  also  true  of  S-330  impregnations  was  shown  by  a 
series  of  penetration  tests,  tho  results  of  v/hich  are  given  in 
Table  XXV. 


Table  XXY 

Effect  of  Dyes  on  H  Vapor  Penetration 


Initial  Reactivity 


Dye 

Capacity 

Weathering  or  Storage  Min./O.l  mg,  Cl*/em» 

Ist  Bubblo] 
(Min. 

None 

None 

69,7 

22 

Blue 

<1 

65,0 

35 

Khaki 

tl 

66,7 

46 

None 

76«C-75^,  R.H.  (96  hrs.) 

60.7 

22 

Blue 

It 

78.8 

23 

Khaki 

II 

48.6 

19 

Hone 

Tropical  (1  mo,) 

63.6 

15 

Blue 

ft 

34.9 

16 

Khaki 

II 

63.7 

24 

None 

Outdoor  (3  wks.)  in 

67.6 

19 

Blue 

Florida 

67,6 

26 

Khaki 

II 

63.7 

20 

(8)  The  Effect  of  Partiole  Site 

42,  It  has  previously  been  shown  (NRL  Report  No.  P>2055)  that 
particle  sise  is  a  determining  factor  in  the  protective  capacity 
of  S-14B  Impregnated  fabrics,  a  drop  in  capacity  occurring  if  the 
particle  size  exceeds  15  microns.  To  evaluate  this  effect  for 
S-330  impregnations  a  series  of  samples  impregnated  from  a  water 
system  with  8-330  which  had  been  carefully  fractionated  into 
particle  size  ranges  was  subjected  to  H  penetration  testa.  The 
results  of  those  tests  aro  shovm  in  Table  XXVI. 
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Table  XJCVI 


Effect  of  Partlole  Size  on  H  Vapor  Penetration 

Initial  Reactivity 

Partlole  Size  Capacity  »  Ist  Bubbler  Time 

(Mlorons)  Yfeathering  or  Storage  Mint/o«l  mg*  (Min«) 


1-5 

None 

87.9 

33 

5-10 

fi 

61.5 

42 

10-20 

fi 

63.6 

53 

20-30 

(f 

60.6 

77 

30-40 

n 

51.5 

76 

Mixed 

n 

94.0 

26 

1-6 

76®C-76^  R.H.  (96  hrs.) 

78.8 

27 

.;6-lo 

(f 

BO  .4 

27 

10-20 

ft 

98. 5 

37 

20-30 

ft 

74.3 

30 

30-40 

It 

42.4 

22 

Mixed 

It 

43.9 

20 

1-5 

Tropical  (1  mo.) 

SWWi 

21 

5-10 

11 

aiw 

24 

10-20 

If 

MM 

26 

20-30 

ft 

— 

24 

80-40 

fl 

— 

24 

Mixed 

11 

— — 

22 

1-5 

Outdoor  (3  wka«) 

106.1 

27 

6-10 

at  "NRL 

103,0 

20 

10-20 

H 

64.0 

20 

20-30 

tf 

63.6 

23 

30-40 

Tf 

72.7 

30 

Mixed 

t1 

MSB 

•SM 

43. 

The  data  in  Table  XXVI  do  not 

indicate  any  significant 

differences  as  regards  particle  sine  of  the  8»330>  The  initial 
leakage  in  all  oases  is  high*  particularly  after  the  weathering 
and  storage  treatments • 

(9)  The  Effect  of  Chlorination  on  Fabric 

44*  A  number  of  samples  of  cloth  prepared  by  the  "chlorination 
on  fabric"  technique  previously  dosorlbed  wore  evaluated  for 
Initial  lockage  of  H  vapor t  both  before  and  after  weathering 
end  storage  tests*  It  was  hoped  that  this  means  of  impregnation* 
which  produces  a  moro  thorough  distribution  of  impregnlte  through¬ 
out  the  body  of  the  cloth,  would  reduce  the  high  initial  leakage 
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oharaoteristio  of  standard  methods  of  Impregnation.  The  data 
in  Table  XXVII  are  representative  of  that  obtained  in  testing 
these  samples* 


Table  XXVII 


Binder 

Effect 

Stabiliser 

of  Chlorination  on  Fabric  on  H  Vapor  Penetration 

Initial  Reactivity 
Capacity  Ist  Bubbler  Time 

Weathering  or  Storage  Mln*/0*1  mg*  Cl*/om**  (Bin*) 

None 

None 

None 

66.6 

195 

26^  CP 

II 

11 

66.6 

253 

60%  OP 

II 

H 

90*9 

327 

76%  CP 

II 

It 

57.6 

262 

76%  CP 

10%  ZnO 

fl 

54.6 

199 

None 

Nona 

76®C-765?  R.H. 

(66  hrs*) 

3.0 

17 

25^  CP 

II 

ft 

3.0 

14 

60%  CP 

11 

It 

3.0 

22 

76%  CP 

It 

It 

3.0 

24 

76?5  CP 

1055  ZnO 

It 

“ 

• 

None 

Kona 

Tropioal 

(1  ma) 

• 

15 

265?  CP 

H 

It 

- 

19 

60%  CP 

It 

ft 

- 

16 

765?  CP 

II 

II 

16 

76^  CP 

1055  ZnO 

M 

23 

None 

Kona 

Outdoor 

(3  wks) 

81. 1 

87 

26?5  CP 

It 

at  NHL 

93.9 

216 

60%  CP 

ft 

t1 

63.6 

176 

76^  CP 

11 

« 

60.6 

169 

765?  CP 

1055  ZnO 

II 

64.6 

140 

45.  It 

Ifl  evident  na 

a  result  of  this 

data  that  the 

"Chlorination 

on  fabric"  technique  results  in  a  very  satisfactory  low 
initial  leakage  on  exposure  of  freshly  impregnated  fabrics  to 
H  vapor*  Samples  after  3  weeks  outdoor  weathering  also  exhibited 
low  initial  leakage  and  normal  capacity.  However,  both  tropical 
storage  and  accelerated  storage  (76®C-765J  R*H*)  resulted  in  a 
lowered  capacity  and  a  high  initial  leakage* 

(1ft)  The  Effect  of  Laundering 

46*  Since  the  "chlorination  on  fabric"  method  of  impregnation 
resulted  in  a  marked  improvement  of  the  protective  characteristic 
of  all  samplofl  except  these  CApesed  to  tropu.oal  and  accelerated 
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stor(vgo>  a  teat  was  made  to  determine  if  laundering  of  these 
latter  swnples  would  result  in  Improved  leakage  oharaoteristios. 
The  results  obtained  are  given  in  Table  XXVItli 

Table  XXVIII 

Bffcot  of  Laundering  on  H  Vapor  penet-ation 
Semples  prepared  by  Chlorination  on  Fabrio 


Binder 

S tab! liter 

Vfoathoring  or  Storage 

Initial  Reactivity 
1st  Bubbler  Time 
(Min.) 

None 

None 

Freah  Sfunplea 

76 

26?^  CP 

If 

(laundered) 

215 

EOf.  CP 

41 

t» 

176 

15%  CP 

11 

It 

169 

15%  CP 

10%  ZnO 

w 

140 

None 

None 

76®C-75^  R.H*  (96  hr.) 

10 

25%  CP 

It 

(oBmploa  Laundered) 

20 

60^  CP 

« 

M 

16 

15%  CP 

n 

It 

27  , 

15%  CP 

10%  2n0 

It 

17 

47. 

Ko  benefiolRl 

offoot  was  produced  by  Inundorlng*  The 

laundered  freshly  impregnated  samples  had  a  low  initial  leakage 
but  the  laundered  aooelerated  storage  samples  permitted  a  high 
Initial  leakage > 

(11)  The  Effect  of  Aoid  Rinsing . 

48*  It  was  believed  that  the  Inoroasod  initial  leakage  of 
^ehlertnatlon  on  fabrio",  samples  after  tropical  or  aooelerated 
storage  might  bo  caused  by  a  covering  of  the  S-330  partioles 
with  an  inert  ooatlng  of  S>330  base  resulting  from  dooompositlon 
of  some  S>330  during  the  storage*  If  such  were  the  case,  it 
was  oonsldered  thoorotloally  possible  to  remove  this  ooatlng 
by  rinsing  the  doth  in  a  dilute  solution  of  HCl  and  thus 
restore  its  original  good  protective  oharaoteristios* 

49*  Aooordlngly  the  semples  desorlbed  in  Section  (9)  which 
showed  high  leakage  after  aooelerated  storage  wore  rinsed 
first  in  dilute  HCl  and  then  in  water*  After  drying* 
penetration  tests  were  made  and  the  following  data  obtained* 


CONFIDENTIAL 


32 


Table  XXIX 


50*  The  data  in  the  abbve  table  show  that  an  aoild  rineo  did 
not  restore  the  original  effeotiTeness  of  the  "al\lorination  on 
fabrla"  type  Impregnatlone. 

(12)  Summary 

51*  As  a  result  of  the  vosloant  vapor  penefcratL  on  tests  described 
in  this  seotion.  the  following  general  oonolusions  may  bo  madei 

(a)  Clothing  impregnated  with  S-330  by-  either  the 
tetraehloroethano  solvent  prooess  or  the  aqueous 
suspension  prooess  shows  adequate  oapaoity  toward 
H  vapor  penetration  but  permits  a  high  initial 
leakage  of  vapor  both  in  the  ease  of  freshly  iin> 
pregnatod  samples  and  samples  subjootod  to  aooeler- 
ated  or  tropical  storage  and  outd>or  weathering* 

(b)  Clothing  impregnated  with  8-330  by-  the  "ohlorination 
on  fabrie”  process  shows  adequate  protective 
capacity  and  does  not  permit  a  hlf^h  initial 
leakage  of  vapor  in  the  case  of  freshly  impreg¬ 
nated  samples  or  samples  subjoote£.  to  outdoor 
weathering*  However ,  suoh  samples  subjootod  to 
tropical  or  acooloratod  storage  da  permit  ei  high 
initial  leakagr  of  vapor* 

(o)  Laundering  or  acid  rinsing  of  "ohLorlnatlon  on 
fabric”  saitiplos  after  tropical  or  aooeleratod 
storage  does  not  restore  tho  origLnal  low  initial 
leakage  oharaoterlstios  of  the  cloth* 

(d)  Binder  oonosntratlon*  the  presanae  of  Daxad  11* 
impregnite  concontrp.tion  or  pnrtlolo  slio,  the 
preeonoo  of  ZnO  or  OaCOj,  or  tho  presence  of  dyes 
do  not  affect  the  vapor  resistance  properties  of 
S-330  impregnated  fabrics* 
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(e)  Mixing  S-330  with  other  more  reaotivo  ohloroemldeB 
(S-145  or  S-461)  results  in  an  improvement  in  the 
magnitude  of  Initial  leakage  of  R  vapor  through 
freshly  impregnated  clothing  but  still  allows  a 
high  initial  leakage  after  tropical  or  accelerated 
storage  and  outdoor  weathering* 

E«  t*hyaielogiaal  Evaluation  of  S-330 

62*  To  determine  the  physiological  significance  of  the  high 
initial  leakage  shown  by  S-350  impregnated  clothing  In  chemical 
penetration  tests «  a  series  of  "arm«>ohamber"  tests  was  made  in 
the  arm-ohambor«  The  design  and  operation  of  this  ohamberare 
described  in  RRL  Report  No*  P-2219*  "Chamber  Tests  with  Human 
Subjects,  Fart  III,  Design,  Operation  and  Calibration  of  a  Chamber 
for  Exposing  Forearms  to  H  Vapor*"  Throe  typos  of  clothing  wore 
tested  in  this  series  i 

(a)  Standard  S-145  aqueous  process  impregnated 
clothing,  freshly  prepared* 

(b)  S-330  aqueous  process  impregnated  clothing, 
freshly  prepared* 

(c)  S-330  aquoous  proocss  impregnated  clothing, 
stored  at  75®C«*76JS  R*H*  for  96  hours* 

63*  The  clothing  consisted  of  full-longth  Arneon  cloth  sleeves* 
These  sleeves  were  worn  by  the  subjects  underneath  a  standard 
8«*146  impregnated  protective  jumper*  In  dressing  the  subjects, 
standard  wool,  impregnated  gloves  were  pulled  ovor  the  sleovo 
to  bo  tested,  rolled  back  to  the  wrist  and  taped*  The  sleeves 
of  the  jumper  wore  rolled  back  and  taped  so  that  a  3"  strip  of 
the  sleeve  to  bo  tested  was  loft  unoovorod* 


64*  The  arms  of  the  subjects  dressed  as  dosoribod  wore  exposed 
to  H  vapor  in  the  arm  chamber  under  tho  following  conditions i 


Temperature  and  humidity i 
Concentration  of  H  vapor j 
Time  of  Exposure  i 
CT  (mg.  mln»/m*®)  i 
Number  of  exposures  t 


90®F  -  6B%  R*H* 
20  ir  h/i* 

1  hour 
1200 
1 


66*  Tho  clothing  was  worn  for  4  hours  after  the  exposure, and 
readings  wore  te.kon  at  24  and  48  hours* 


66*  Tho  results  of  this  tost  ere  presented  in  the  following 
table • 
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Table  XXX 


Physiolosioal  Evaluation  of  8*^30 

Reaotlon 


Type  of  Cloth 

No.  of  Arms 

24  hours 

48  hours 

Pro  ah  S-146 

3 

E-7 

0 

•  • 

0 

as* 

Fresh  S-330 

3 

E- 

E- 

E- 

P- 

E- 

E- 

S-330  after  96  hra. 
at  76®C-76J{  R.  H. 

3 

E 

E+ 

E 

E+ 

E- 

E+ 

Le  gond  i 

0 

■  No  roaotion 

E 

■  Moderate 

erythema 

E-? 

■  Trace 

E* 

■  papular 

erythema 

E- 

■  Mild  erythema 

V 

■  Vosiolo 

67 •  The  data  in  the  above  table  show  quite  oloarly  that  the 
S-380  impregnations  are  physlologloally  Inferior  to  the  S-146 
impregnation*  The  aged  S>330  olothing  was  muoh  less  offioient 
than  the  freshly  impregnated  oloth* 

68*  That  the  physiologloal  dlfforenoos  of  the  throe  typed  of 
olothing  is  a  function  of  the  dogroo  of  Initial  loakage  as 
observed  Inttho  ohomioal  penetration  tests  is  indicated  by  a 
oomparison  of  the  data  obtained  in  penetration  tests  of  semples 
from  the  same  sleeves  tested  in  the  chamber.  The  data  are 
given  in  Table  XXXI. 

table  XXXI 

H  Vapor  penetration  Teste  on  Sleeves  Used  in  Arm  Chambsr 

Initial  Rsaotivlty 
Typd  of  CloWi  let  Bubbler  (Min») 


Fresh  S-146 

130 

Fresh  S-330 

34 

S-330  after  96  hours 

16 

at  76®C-76f.  R.ji. 
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69«  A»  R  roBult  of  the  above  tests,  initial  leakage  as  indicated 
by  the  ohomloal  penetration  test  appears  to  be  physlologioally 
significant,  and  the  high  initial  leakage  of  S>330  impregnated 
olothlng  represents  a  serious  consideration  in  the  use  of  this 
compound  for  protective  clothing. 
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SPMtAARY  AND  C  0NCLUSI0N8 


•  /  "I-  /  ^  h  *•  .. 

XA  ;  ■ 

I  1,  - 


The  compound  S-330  haa  Men  investigated  as  an  impregnite 
for  permeable  protective  olothinga  The  use  of  S-330  in  formu> 
lation  of  aqueous  impregnating  systems  has  been  studied  in  the 
laboratory  and  in  a  portable  Impregnating  plant.  The  results 
showed  that  S-330  could  be  satisfactorily  formulated  and  was 
in  this  respect  comparable  to  the  present  impregnite  S-146. 

2.  A  novel  method  of  applying  Impregnite  to  cloth  has  been 
developed  which  utilizes  the  solubility  of  unohlorinated  3>330 
in  dilute  acid.  Applioation  of  a  water  solution  of  8-330  base 
to  cloth  followed  by  exposure  to  chlorine  gas  results  in  an 
impregnated  fabric  which  is  soft,  pliable,  and  does  not  dust. 

3.  Cloth  samples  were  impregnated  with  several  different 
ohloroemides  and  compared  as  to  retention  of  active  chlorine 
and  tensile  strength  upon  storage  and  weathering.  The  oonpound 
S-330  was  superior  or  equal  in  stability  to  8-145,  8-328,  8-461, 
and  S-222. 

4.  Several  series  of  impregnations  vrere  carried  out  in  which 
the  different  components  of  the  impregnating  bath  were  used 
in  various  amounts.  Aotive  chlorine  and  tensile  strength 
retention  were  not  greatly  affected  for  8-830  impregnated  cloths 
when  any  of  the  following  components  were  vru-iedi  the  binder, 
chlorinated  paraffin]  the  stabilizers,  ZnO  or  CnC0>{  the 
dispersing  agent,  Daxad  11]  or  the  water  dispersible  dyes. 

Addition  of  other  ohloroomldes  had  very  little  effect  of 
stability  on  S-330  impregnated  cloth  samples,  8-330  impregnated 
fabrics  prepared  by  the  chlorination  on  fabric  procedure  wore 
less  stable  on  outdoor  exposure  than  normal  samples. 

6.  A  comparison  of  the  laundering  resistance  of  various  S-330 
impregnated  fabrics  revealed  that  lack  of  a  binder  results  in 
poor  resistance  to  laundering. 

6.  A  comprehensive  series  of  vesicant  vapor  penetration  testa 
have  been  carried  out'  on 'S-38.0’'l»J>regnated  oloth  Vumploe.  The 
capacity  of  S-330  on  fabric  for  destroying  mustard  gas  is 
excellent  in  comparison  with  the  chloroamide  8-145.  However, 
there  are  marked  differences  in  initial  leakage  of  H  vapor. 

S-330  cloth  samples,  especially  after  storage  or  outdoor  exposure, 
show  a  high  initial  leakage  of  H  whorons  S-145  cloths  she?/  very 
little  initial  leakage. 

7.  Variations  in  the  amount  of  binder,  stabilizer,  Daxad  11, 
dyes, and  in  impregnite  particle  size  on  3-330  cloth  samples  were 
investigated  from  the  standpoint  of  H  peaotration.  No  slghlfioant 
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effects  were  found  innsmuoh  as  nil  aenplea  still  exhibited 
e.  high  Initial  lenkage  espeolr.lly  after  storage  or  weathering. 

8.  Addition  of  other  more  roaotlTre  ohloroemldes  to  S-330 
in  an  effort  to  minimise  initial  H  leakage  resulted  In  an 
improvement  for  una'ged  oloth  semples.  After  storage  or 
weathering,  however,  the  oloth  samples  impregnated  vrith  mixed 
ohlorosmides  exhibited  the  high  Initial  leakage  oharaoteristio 
of  S.^30. 

9«  Very  low  initial  leakage  of  H  vapor  was  found  for  oloth 
samples  prepared  by  the  ohlorlnatlon  on  fabric  technique.  No 
Inorease  in  initial  leakage  ooonrred  after  outdoor  weathering. 
Hwever,  tropioal  storage  and  aooelersted  storage  tersts 
resulted  in  high  Initial  leakage. 

10.  liaundering  or  aoid-rlnsing  of  aged  samples  of  olobh 
Impregnated  with  S-330  failed  to  Improve  the  high  Inltla.l 
leakf.ge  oharaoterlatlos  of  S-S30. 

11.  The  physiological  signlfloanoo  of  the  high  Initial 
leakage  observed  In  ohemioal  penetration  teets  was  determined 
in  a.  series  of  "Arm-ohambor"  tests.  Subjects  wearing  3-330 
Impregnated  eleevee  whloh  had  been  aged  for  96  hours  at  76®C- 
76^  R«H.  exhibited  severe  erythema  after  one  exposure  to  H 
vapor  at  a.  CT  of  1800, 

12.  Considera.tlon  of  all  the  data  leads  to  the  oonoluslon  that 
S-330  is  an  excellent  compound  from  the  standpoint  of  stability 
upon  storage  or  wen'chering  but  cannot  be  ooneidered  ae  an  Im- 
pregnlto  because  of  its  failure  to  prevent  leakage  of  H  vapor 
through  olothlng  Impregnated  by  methods  now  known. 
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RECanfflBNDATIONS 


It  It  Ib  reooramonded  thn,t  S-330  not  bo  used  eis  an  Impreenlte 
for  permoRble  proteotlve  olothing  beoRuse  of  lealCRge  of  H  vapor 
through  fluoh  Impregnated  olothlngt 

2t  It  Is  recommended  that  further  investigation  be  made  in 
an  effort  to  improve  the  protootive  value  of  8-330  beoause 
of  its  otherwise  outstanding  properties  in  regard  to  stability, 
non-lrritanoy,  proteotion  against  Lewi site* and  lack  of 
degrading  notion  on  ootton  fabric. 
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